The HIV-1 (HIV) transgenic (Tg) rat develops several immune abnormalities in association with clinical impairments that are similar to what are seen with HIV infection in humans. In HIV infection, retinoids and opioids can have separate and potentially combined effects on the clinical course of HIV disease. In these studies, the effects of a vitamin A deficient diet on T cell proinflammatory cytokine and mu opioid receptor (MOR) expression were examined in the Tg and in wild-type (WT) rats. The effects of the diet on HIV gene expression were also analyzed in the Tg rats. Phytohemagglutinin-stimulated T cells from WT rats on the vitamin A diet and from Tg rats on either diet were more likely to either produce increased percentages of T cells expressing intracytoplasmic IFN-γ, secrete higher levels of TNF-α, and express higher levels of MOR mRNA and surface MOR. Mitogen stimulation also increased Tg rat HIV env, tat, and nef mRNA expression with even higher env and nef mRNA produced in association with the vitamin A deficient diet. All together, these data suggest that a vitamin A deficient diet can result in cellular effects that increase T cell proinflammatory responses and HIV expression, which may alter the course of disease in the HIV Tg rat model.
Introduction
Vitamin A deficiency has been associated with the development of abnormal T cell responses to exogenous and host antigens. Among children and adults with HIV-1 (HIV) infection, deficiency has been linked to an increased risk of infection-related morbidity and mortality (Humphrey et al., 2006; Fawzi, 2003) . These clinical effects of vitamin A deficiency may be enhanced by the use of illicit drugs (Semba et al., 1993a) . While among individuals with HIV infection such complications generally occur in the setting of progressive immunosuppression, vitamin A deficiency also results in enhanced T cell proinflammatory responses, which have been shown to underlie immune-mediated tissue damage that occurs in multiple sclerosis and other natural and experimental autoimmune disorders (Driscoll et al., 1996; Kinoshita et al., 2003; Cantorna et al., 1994 Cantorna et al., , 1995 Gershwin et al., 1984; Royal et al., 2002; Vladutiu and Cringulescu, 1968; Warren, 1982; Brinckerhoff et al., 1980; Cantorna and Hayes, 1996; Comstock et al., 1997) . In studies of mice rendered vitamin A deficient, T lymphocyte precursors from purified lymph node cell cultures were observed to take on a Th1 (proinflammatory) phenotype and, with activation, to secrete increased levels of interferon (IFN)-γ (Cantorna et al., 1994) . Deficiency also induced decreased numbers of Th2 (anti-inflammatory) precursors and decreased secretion of interleukin (IL)-4.
